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riiGH pressure: process.. for, toe .. . :; 

The present invention relates to a ,prbce?s< for the 
manufacture of dogoly^micfesi o J ^ tere|^^ 

especially to the manufacture of such copolyamides without 
f ormation of a- high melting fraction by using ;a high pressure 

10 polymer in a reactor that concludes with the 

pressure being returned to substantially atmospheric .pressure. 
It< is understood that the copolyamide obtained from such a 
process may be subjected to further processing, including 
finishing arid extrusion, before or after pelletizatibh. 

15 Single-step polymerization processes have the advantage 

that polymer is manufactured in a single step, as opposed to 
two step- or multi-step processes , thereby reducing handling of 
the partially formed polymer during the intermediate stages of 
the -process. . However, in the manufacture of copolyamides of 

20 t er ephtha 1 i c acid, especially copolyamides of terephthalic 
acid, hexamethy lehe diamine arid 2 -methyl pentamethylene 
diamine, using a single step polymerizatioh process, it has 
been found that a high melting fraction is formed* 

The high melting fraction, with a melting point in excess 

25 of 320°C and especially appr bxima t e ly 334 fC, is usually not 
noticed in the first batch of polymer produced in an 
autoclave , but becomes, apparent , in, subsequent batches made in 
the same autoclave unless steps are taken to carefully clean- 
out the autoclave between consecutive batches . As the polymer 

30 would normally be subsequently processed at melt temperatures 
of '1'eiss than 320 6 C, the high melting fraction manifests itself 
as iirimelted or gel r like portions of polymer, which are 
commercially unacceptable; the gel-like portions are believed 
to be essentially comprised of a high melting crystalline 

35 phaise , which is soluble in sulphuric acid, arid not gel per se 
which would not be soluble in sulphuric acid. 

v It has now been found that copolymers of terephthalic 
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acid, optionally including isophthalic acid, and mixtures of 
hexamethyiehe diamine arid 2 -methyl p^ntam^thy lene^ diamine > may 
be manufactured without the fbriiation of a high melting 
f fraction in significant amounts., y 
5 Adcoraingiyy the* present invention provides a process for 

the preparation of a copolyaiide, especially partially 
crystalline copolyamide, comprising the pol^erizaition stages 

(a) feeding to a reactdr ah aqueous salt solution pf an 
10 admi^virW arbm^tic barbokylic acid athd aliphatic diam^ 

said arbmatic carboxylic acid being selected from terephthalic 
acid arid mixtures of terephthalic acid and isophthalic acid 
and said aiipriatic diamine beih^ a mixture of hexamethyiehe 
diamine and 2 -methyl peritamethylehe diamine; 
15 (b) heating the aqueous salt solution under a pressure of 

at least about 2.15 MPa for a period of at least about 40 
minuted, Especially at least 60 iiihutes, and venting water arid 
other volatile matter from the reactor; 

(c) reducihg the pressure in the reactor to atmospheric 

20 pressurfe; 

(d) cbhtrblliiig stages (b) and (c) so as to avoid 
excessive f oaniing of the admixture in the reactor; and 

(<b) discharging the copolyaidide so obtained from the 
reactor. 

25 in a preferred embodiment of the process of the 

invention/ stage (c) additionally includes maintaining the 
admixture in the reactor under a vacuum. 

In another embodiment, the pressure in stage (b) is at 
least' 2 . 28 MPa. 

3 0 In a further embodiment, the time in stage (fa) is at 

least 90 minutes. . 

The present invention further provides in a process for 
the preparation of multiple consecutive batches of a 
copolyamide, especially partially crystalline copolyamide, of 
35 terephthalic acid and hexamethylene diamine in a reactor 

without clean-out of the reactor, in which the copolyamide 
obtained from such process contains more than about 2% by 

; SUBSTITUTE BHpET 
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weight df a ffractibn with; an annealed melting point of greater. 

(a) feeding to a reactor an aqueous salt solution of ah 
adiiixtdr e of , aromatic, ; ear boxylic ac id - . and : ..^ 1 iphai i c diaxaine , 
said aromatic bar bdxyli^ acid being selected from terephthalic 

a'diS I'nd/oft xx^ui esi ' qI;.\- t erephtfia 1 ic v / ae x# ? * an$y • iso^htha 1 1c acid 




(b) heating the aqueous ; salt . solution under pressure and 
10 5 venting water ahd other - volatile matter from the ; . reactor ; 

• . . to atmospheric 

' prfessu^^j!.;' ; : "= . : . . > l ... 

(d) controlling stages (b) and (c) so as to avoid 
excessive f darning of the admixture in the reactor; and 
15 (e) , discharging the copbiyamide so obtained from the 

reactor ; ] 

the improvement comprising maintaining the pressure in stage 
(b) at at least about 2^15 MPa. 

In a preferred embodiment, the pressure of at least about 
20 2.15 MPa is maintained in stage (b) for a period of at least 
about 4 0 minutes, especially at least 60 minutes ; 

In preferred embodiments of the processes of the 
invention, the stages of the process are controlled so that 
the copbiyamide produced has an inherent viscosity of at least 
25 0.6 dL/g, especially at least 0.8 dL/g. 

As used herein, "clean-out" of a reaqtor means steps 
taken to clean or remove high molecular weight polyamide, 
degradation or gel products and other matter that is not 
discharged from the reactor under normal processing 

30' " "positions..- ' ')\: . ,:• t y ■=• y 

The pf eseiit invention relates to the manufacture of 
partially crystalline copolyamides formed from an aromatic 
carboxylic adid and a mixture; of hexamethylene diamine and 2- 
methyl pentamethylene diamine. The aromatic carboxylic acid 
35 is terephthalic acid or a mixture of terephthalic acid and 
isophthalic acid. ' ■ 

The amounts of acid' and diamines should be substantially 
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complementary on a molar basis, as will be appreciated by 
persons skilled in the art. An excess of acids or diamines, 
Especially the latter > may be used depending on the desired 
characteristics of the copolyjamide and the nature and extent 
5 of side reactions that may produce volatile or other matter ^ 
as noted below, diamines teiid to bei more volatile than acids. 
A broad range of ratios of amounts of terepht;ha^lic $cid, 
i^bphth^ 

- pentiamet^ di^irfe may be usecl ;ih thfe ,propSess-r In \ 

10 p^eferire^ dl^mihe to 

2 -methyl jpeMamethy lehe diamine is in the range 40:60 to 
60:40, and especially about 50:50, with the acid being 
teirephthaiic acid. In other embodiments, the amount of 
isoptithalic acid is selected to be at least 27.5%, molar 

15 basis, especially at least 30%, of the total amount of acid 
and diamine monomers. 

The copolyaniides produced by the process of the present 
invention are generally partially crystalline polymers, rather 
than an amorphous polymer * In embodiments/ the polymers have 

20 a heat of -fusion of greater than 17 J/g. Crystalliriity may be 
deteriaiifed using a differential scanning calorimeter >. 

The copolyamide is prepared in a. polymerization process 
in which an aqueous salt solution of the aromatic carboxylic 
acids, hekamethylehe diamine and 2-methyl pentamethylene 

25 diamine is fed to a reactor. The molar amount of aromatic 

acid is substantially complementary to the total molar amount 
of the diamines, as discussed above. As is known, diamines 
tend to be more volatile than carboxylic acids and thus it may 
be desirable to feed an excess of diamine to the reactor. 

30 Catalysts may also be used e.g. phosphinic acid and/ or the 
sodium or potassium salts thereof, phosphorus acid, 
hypophosphbrous acid, sodium hypophosphite, phosphoric acid 
and the like; typical amounts of catalysts are 0.02-1.00% by 
weight, especially 0.025-0.20% by weight. 

35 In the process, the aqueous salt solution is heated in a 

reactor (autoclave) under pressure. The process of the 
present invention requires ' that the ; pressure be maintained at 
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at least about 2 -1 5 MPa / * although the pressure may , : also be 
s = maintained at a lower^-^ pressure JEpir a ; pe^ribd of time > 

especially . prior to vmaintaining- at the pressure qf at least 
2 . 15 MPa • In preferred embodiments > the pressure, is 
5 maintadkedM at at- least- about 2 . 2£ MPa and preferably at least 
about ; 2 * 2 8 r ME>a . In additiph, .the pressure is pref erably 
maintained at such values for at least 60 minutes, especially 
: > at .least .90 minutes and in- particular . embodiments for at least 

/ 120, minutes, :v 'Water and other .volatile matter, ^which may 
; 10 include diamine, is vented from the reactor -1 ^The temperature 
of the atoixture in the reactor will normally exceed at least 
275®C^ anc| e^ 

The pressure in the reactor is then reduced to 
atmospheric pressure > especially over a period of at least 15 
15 minutes , particularly over a period of 20 to 90 minutes. The 
pressure should be reduced in a manner that minimizes or 
avoidis excessive foaming of the reaction mixture in the 
- •reaclor. : ;;v; Ahti^f oaiii agent s iay:^ be Sdifedt^^ :the / amount }; ■ 

, - Vrof .- 1 offling^ '■ ^Thei^eicijt.oft ^m^uf|;' is, ^fftdn; maintain about 

2 0 atmospheric pressure or under a vacuum until the cbpoly amide 

h^s: -reached: ""a^p^ iplei^aS;: .weight-^;* ..; ■THp ; Vc.pp;blya& 

i thus obtained is discharged i from ithe reactor • : : It should be 
understood f however that the cdpoly amides may be manufactured 
using continuous polymerization techniques arid/ or subjected to 
25 solid phase polymerization or other further processing stages. 

As is illustrated herein, the use of a polymerization 
process such as that described, a in the 

formation of a high melting fraction. - of copolyaraide, with a 

3 0 melting point after annealing of greater than about 32 0 °C, and 

especially in the range of about 3 35-340 ° C , unless the 
pressure and time are maintained within the limits given 
above. It is to be understood however, that certain ratios of 
monomer compositions will result iri copoly amides that do not 
35 cbntaih the hi 

aforementioned application of R.R. Soelch. The high melting 
fraction will normally not be apparent in the first batch of 
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copolyamide formed in an autoclave i * e . the first batch formed 
after the_autbciaye , has been ■thorough iy cleaned . sThe high 
melting fraction will norma 1 iy appear , if it is going to/ 
appear, ; in the second or third batches of; , copolyamide formed 
5 in the autbciav<£. It is hot practical pr ecbnoraic to clean , 
: " '• out an Autoclave after each and every batch of copolyamide has 

. ; ''/'been ''prbduced.., , ^-v-^ J. -\ ;^;cY^m v '. 

In-order to prevent formation of the high melting 
fraction, or to at least reduce the amount of 'high melting 
10 fraction to less than 2% by weight, and especially, less than 
"•' 6.05% by Weight, the pressure during reaction is maintained at 
, ' at ibist ; .a£b^2.i5 ; MP4^;; esplscially at least 2.28 MPa, for at 
least abbut 40 minutes, preferably for a period of 4 0 to 120 
minutest The effects of ii'se of lower pressures or shorter 
15 times is illustrated in. the examples. The copolyamides of 
the invention may be blended with stabilizers, flame 
retardahtsV smoke depressants, plasticizers, conductive and/ or 
anti-static agents , lubricants and mould release agents, /, 
.;: : ; nu^ieitihg . agents, dyes and pigments , . fillers . including glass , 
20 fibres , 'mineirais> toughening and p-ther modifying agents, and 
other additives that may be used ^ 
: ' Examples •offbeat stabilizers : include copper (i) halides 6. g . . , 

• bromide and iodide, and alkaiihalides e>g. ; lithium, sodium 
and potassiuM bromides and iodides, which may be used with or 

25 without phosphorus^ compounds. Examples of the latter are 

phosphites, phosphihes, phosphates and alkali metal salts of 
phosphorus acids e.g. sodium phenyl phpsphinate, sodium 
hypophbsphite, triaryl- and tris (alkylaryl) phdsphines e.g. 
tri-h-butyl phosphine, phenyl dimethyl phosphine and triphenyl 

30 phosphine^ include ; hindered 

phenol's and hindered amine^; as weir ; a& IJV ^stabilizers and 
phenolic metal deactivators. Nucleating agents include talc, 
calcium fluoride and salts of phosphorus acids, for example 
sodium phenyl phosphinate. 

35 a wide .range of fillers may be used e.g. in amounts of 

0.5-206 parts of filled 100 parts of copolyamide. 

• Examples bf sucA fillers include, : but .are not; limited to, . . 



:: •»>» " 
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. silica, met as iiicate$ r .a 
- ; ; claiy>; k^qiiri^ qtiartz^vi '0&s;^ 

V^bly^ fibres 
%ig sf : ' gla^s">... carfep^ 
5 .- powdered polytetraf luoroethy lene and the like; 

products using v melt prbceissing tectoigues^ especially products 
intended for use at temperatures that^are; higher*, than those 
typically used with other polyamides. Fqr/exampl^^ 

10 cbpolyamides ^may be loi^ into ^tiGles ; usihg injection 
moulding technology e.g. into valves > tanks containers, 
washers and the like for automotive end^-u$es , into articles 
fob electrical end-uses e.g. parts requiring resistance to 
temperatures of 2 60 9 C or above and articles where retention 

15 of mechanical properties under the influence of heat, 

moisture, hydrocarbons, alcohols including so-called gasohol , 
\ and the like are -important . Alternatively , the polymers may 
be spun into fibres e. g . for sewing or industrial threads | f or 
end-uses where low shrinkage and elongation are important 

20 and/ or retention of properties under the influence of 

moisture, hydr bcarbohis , alcohols and the like is important . 
The copblyamides may also ; be formed irito film arid sheet . 
Barrier properties of the cbpolyamides to. water and , oxygen may 
also find uses. The cbpolyamides may be particularly useful 

25 for end«-uses where retention of properties at elevated 

temperatures is reguiredy including as retortable containers . 

In embodiments of the invention, the copolyamide is in 
the form of a fibre, or filament. The fibre preferably has a 
tenacity of at least 1.5 g/ denier and a modulus of at least 30 

3 0 g/denier . , , *:•/. : , \. 

The present invention is illustrated by the following 
examples . > 

Example 1 

A series of runs were carried but in a 12L reaction 
3 5 vessel. The procedures, used are illustrated by the following: 
"Procedure A. as used in Run ID: 

, 1 The 12Ii reaction vessel, equipped with a helical ribbon 
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agitator, was charged with 265 9g (16.02 moles) of terephthalic 
acid, ' 976g (8 i 41 Moles) of 2 -methyl pehtamethylerie diamine , 
1268 . 4g' of 74 * 74% (weight basis) of aqiiebiis hexamethylene 
diamine solution (8.17 moles) , 3.94g of 25% (weight basis) of 
5 aqueous sodium hypophosphite solution, 6ml of 10% (weight 

bails') Carbowk'x® 335qi . poly ethylene glycol in water and i2o0g 
of ^dem^irieralizeti- ,y%t^r\.^' 

With the agitator rotating at 50; rpm, the mixture was 
h^atkd tb 13 0 ' C> ventied , tb ; remove entraihedi oxygen and then 

10 headed tb : Z25 6 CS\. With the react ion pressure ; maintained at 
ii 76 foPa, volatile matter Was released over a period of 88 
; , minutes, during which •peridd of time the temperatdre of the 
reaction mixture rose t? 30p°C. The pressure in the reaction 
mixture was then reduced to atmospheric pressure over a period 

15 of 60 minutes, the temperature in the reaction mixture rising 
to 3±8 6 C. The rate of agitation was reduced to 5 rpm. The 
reaction mixturd was maintained under a vdcudm of 40kPa for 15 
minutes and then the polymer obtained Was discharged from the 
reactor and quenched in a water bathi 

20 The polymer obtained had an inherent viscosity (IV) of 

6.90 dt/g; inherent viscosity was measured on a S^Og/L 
solution in m-cresdl . The polymer had a single melting point 
of 302.4°C, as measured by differential scanning calbrimetry 
(DSC) . The polymer obtained in this example/ Which is a 

25 comparative example/ exhibited visually the presence of a 

higher melting fraction, when the polymer was extruded in the 
form of a strand, but the high melt fraction was less than the 
detection limit in DSC i.e. it was less than about 0.5% by 

weight. '. " 

30 Procedure B. as lised in Run 2C 

The 12L reaction Vessel was charged with 2322g (14.00 
moles) of terephthalic acid, 892g (7.69 moles) of 2-methyl 
pentamethylene diamine, 1162. 9g of 72.58% (weight basis) of 
aqueous hexamethylene diamine solution (7.28 moles) , 3.94g of 

35 25% (weight basis) of aqueoiisi sodium hypophosphite solution, 
6ml of 10% (weight : basis) Carbowax® 3350 polyethylene glycol 
in water, I2b6g of demlneralized w of 

SUBSTITUTE SHEET 
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a polymer of terephthalic acid. and a 50:50 mixture- of 
; hex^^toylehe • di^in^ 

whicfr 1 ^ ; , 

fraction; thi an. . aiin^le'd 

5 . polymer residue and -it was the only way this could be achieved 
in %Y\4 reaction: yessSl being used due to e^ipMeht 
limitations . t 

■ ■ ": .. • r X^^gl^k^^ ^Bs produced using the' method of Procedure A 

above, except that the iect^d pqlyinerization cycle, Venting at 

10 constant pressure, was conducted at a pressure of 2 * 39 MPa for 
a pferiod of 66 minutes. 

The copoly amide obtained had an IV of 0 . 81 dL/g and a 
melting point of 302 . 6°C. The polymer did not exhibit a high 
melt fraction when observed visually but it showed a high melt 

15 fraction of about' 2.8% by weight when tested with DSC. 

Table I reports the results of series of runs made using 
Procedure A or Procedure B above, depending on whether polymer 
was added to the reaction vessel. Runs 1A-1E are comparative 
• runs and Runs 2A-5D illustrate the invention. 

20 The Runs illustrate, in particular, the effect of 

pressure in stage (b) , the effect of time in stage (b) and the 
effect of added polymer containing high melt fraction^ 




- 10 - 



RUN NO. 



TABLE I 
1A : IB 



ic 



ID 



IE 



10 



P 2 (MPa) 

T 3 CC) [ ; ,' 

RESIDUE (g) 

.tf ,;(min) 

IV (dL/g) 

3MP (eq/MMg) 

HIGH MELT, (%, DSC) 

HIGH MELT (VISUAL) 

% OUT 



1.70 

275 

0 

60 

6.s,o 

56 

<6.5 

NO 

86 



1.70 

275 

0 

60 

0.81 

56"' ' 
<0. 5 
NO 
80 



1.70 

275 

0 

120 

6-; 63 

74 "' 

r. & 

YES 
53 



1.70 

300 

6 

120 
0.90 

66 : - ■ 

<6i5 

YES 
80 



1 . 70 
300 
500 
60 

0 . 79 
64 . ! 
15.1 
YES 
15 









TABLE 


I (cont. ) 






15 


RUN li b . 


2A 


2B 

i 


2C 


2D 


2E 


2F 




P 2 (MPa) 


2.39 


2.39 


■ 2.39 


2 .39 


2.39 


2.39 




T 3 (°C) 


300 


300 


300 


300 


300 


300 




RESIDUE (g). 


0 


6 


500 


500 


1000 


1000 


20 


t 2 (min) 


60 


120 


60 


120 


60 


120 




IV (dL/f) 


0.63 


6.81 


0.81 


0.78 


0.80 


0.63 




3MP (eq/MMg) 


83 


lib 


94 '• 


104 


90 


108 




HIGH MELT (%> DSC) 


<6.5 


<0.5 


2.8 


4.5 


7.0 


13.0 




High melt (visual) 


NO 


NO 


NO 


NO 


NO 


NO 


25 


% OUT 


85 


86 


, 62 


39 


43 


41 
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TABLE I (cont. ) 





RUN NO- - - 




3A. 


3B 


3C 


3D 






P 2 (MPa). 




2.4? 


2i49 


2i49 


2.49 




5 


T3 (*C) 




300 


: 300 


3 00 


300 










6 


0 


iopo 








fe, (miii) / 








60 


120 




• • '* 


IV (dL/g) 




' 0^ 7 4 

• ; » si'." 


0.70 


0 . 69 


0.65 


/' 


io 


3 MP ( eq/MMg) 

HIGH MELT (%, DSC) 


■;\ ;< 


109 ; 
<o. 5 


116 
<0 . 5 


113 
< 0 . 5 


116 

4^3 ". • 


• ; -: • . • ' ' 




HIGH MELT f VISUALS 




NO 


NO 


NO 


NO 

- • 






% OUT 




85 


£7 


88 


63 










TABLE 


T ( rnnt 


\ 

• / 






15 


RUN NO. 




*t 0 


4c 






** r 




P^ fMPai) 


2 ; 63 


2 . 63 


2.63 












3 00 


3Q0 


*y Y\ r\ 

300 


3 00 


300 


3 00 




RESiDliE(g) 


0 , 


0 


isdo 


500 


iodd 


ipoo 


20 


fc 2 (miri) 


60 


120 




120 


60 


120 




IV (dL/g) 


0.74 


0.70 


0.53 


0.68 


0.69 


0 . 69 




3 MP (eq/MMg) 


121 


134 


ii2 


128 


107 


114 




HIGH MELT (%, DSC) 


<0.5 


<0.5 


1.5 


i?9 


2.6 


5.8 




HIGH MELT (VISUAL) 


NO 


NO 


NO 


NO 


NO 


NO 


25 


% OUT 


85 


90 


74 


76 


80 


53 
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10 



15 



20 



25 



30 



35 







TABLE. 


I (coht.) 




jttJN NO.' -•' 




5A 


3D 


CP. 


5D 


P 2 (MPa) 




3 . 07 


3 . 07 


- 

3 . 07 


3 . 07 


T 3 (°G) 




3 00 


300 


300 


300 


RESIDUE (g) 




0 


0 


1000 


1000 






120, 


12 0 


-Law, 


120 


IV Ctii/g) 




6.57 


OtDD: 




0.52 


3MP (eq/MM 


g) .-;.=/; • 


174 


190 


., 176 ■' 


lS6 1 


TTTGH MELT 


( % . DSC) 


' ' <<K5 


<0.5 


'2v ! 9 


4i5 ■ 


HIGH MELT 


(VISUAL) 


NO 


NO 


NO 


NO 


% OUT 




85 


89 


8i 


82 


Note: 


"p 2 " is the 


pressure 


iii stage (b) ; 





'T 3 " 



is the temperature at the start of stage (c) ; 
"Residue" is the amount of polymer containing high 
melt fraction added to the reaction vessel; 
"t 2 " is the time in stage (b) ; 

"IV" is inherent viscosity measured oh a 5.0 g/L 
solution in m-cresol ; 

"3MP" is the amount of cyclic amine produced in the 
process, referred to as the aiiount of 3 -methyl 
piperidine; 

"High Melt % DSC" is the amount of high melting 
fraction as determined by differential scanning 

, calorimetry; 
"High Melt Visual" indicates whether the high melt 
fraction was visible in an extruded strand of 
polymer; 

n% out" is the amount of polymer cast from the 
reaction vessel, expressed as a percentage of the 
stoichiometric amount. 
The results show that the high melt fraction was visible 
in the polymer when the pressure in stage (b) was low i.e. 
Runs 1A-1E. The Runs at higher pressure did not exhibit 
visual high melting fraction even when polymer containing high 
melt fraction had been added the reaction vessel. 
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\- ! ; : Inc^ 

minutes ? to 12 0 minUte^^^ had 'an adverse' affect on the amount of 
high melt f racMprf as , deteMni^^y (DSC: . • • . . • ^ 

The - addition of polymer containing high melt fraction to 
5 the. reaction vessel/ to s imul p at&^p]?esence: of "polymer with high 
melt f tact ion x ema in ing in the vessel from a previous run , 




10 The melting-point of the high melt fraction is in excess 

of the temperatures reached duiring the polymerization process; 
■ Tiius , it • i s • tb be expected that the high melt fraction Sdded 
in the form of pellets containing that fraction would hot be 
destroyed- during thfe pblymeri2atioh f process. Moreover , it 

15 might be anticipated that the presence of the crystalline high 
melt fraction wbuld induce crystallization of additional 
polymer intb the crystalline form of the high melt fraction. 
Gonsequehtly ; it would be expected that presence of high melt 
fraction in the reactor prior to polymerization Would result 

20 in an increase in that fraction in the polymer obtaineid^ 

this example shows that use of the hiijh pressure Resulted 
in a lower increase in high melt f r action v and in some 
instances a decrease in the amount; compared with the higher 
amounts obtained when the loweif pressure was used. This has 

25 sighif leant belief its in the operation of the polymerization 

process to produce multiple consecutive batches of polymer of 
commercially-acceptable quality without cleanout of the 
: --;.re^ctorr/:pr;' ; autpciayer''* •. ,• n> v \,'.'- ■::-;:?,{■. £v! : -. ' • •■ 

3 0 An aqueous* salt solution formed from terephthalic acid, 

hexamethy lehe diamine and 2 -methyl pentaioiethy lehe diamine 
(1112 i 32 kg, 44.8% salt with a 5 , 2 % molar excess of 
hexame thy lehe diamine and 13% molar excess of 2-methyl 
pent amethy lehe diamine) was charged to an autoclave. The 

3 5 ■ " splut ion ' was;; : ; h e at ed • ^\ t he ^utocl'ay^;>y . with;- Venting of water at 
a constant pressure of ! 340kPai until , thej salt iri the autoclave 
reached a temperature ofl62°C. Venting was then interrupted. 
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The t4mperat^^ gases 
being vented at a pressure of* 2 . 15 JlPa ; the autoclave was 
maintained at this pressure for approximately two hours, until 
: the temperature A pressure r 

V 5 rfedxiGtipn 

over a peridd of about 60 minutes. During this stage, the 
melt reached 31 8°C .- The molten polymer, was then subjected to 
a vacuum /of 80 kPa for 17 minutes the melt temperature 
• \ increasing to v 330?C. _ -J;. , , — rjk'*} 

id TheP polymer thus obtained was discharged from the s 

aiitoc lave through a ; piltiple ; hole die ^ : clenched 4 n cold water 
and palletized. : The yield of pelletized polymer was 88.2%* 
The polymer obtained had an inherent viscosity (IV) of 
0.87 diL/g, as treasured bri a 54 0g/L solution of polymer in m- 
15 : /! cresol . j The 1 polymer /had > single meltiirig point of 3(02 °C 

: (pscj ^ \ The po leaner did hot show any yisual evidence of high 
: ■;. melt fr act i6hy and; hone (<p.5%) was defected;.; by DSC i The 
■^■''^qWb.^dtf cyclic amine (3-^MiP) was? 88 eq/MMg of polymer . 
.... ./: . ';• ; • .V :, -\'k - '•=■ Example, iil, 

20 The procedure bf Exaihpie II was repeated using lower 

pressures ;vahd' : te^ ■ 

V : : The ac^eou^ salt solut ion was charged to at} autoclave -arid 
heated ;^ith^y^ of 240kPa 

until the salt iiiijthe autoclave reached., a temperatiire of 

25 14 5 ? G . Venting was then interrupted < The tempf Mature of the 
: autoclave was iricre^s6d f with gases b^ng vented at a pressure 
of 1.70 MPa; the autoclave was maintained at this pressure for 
approximately two . hours , until the temperature of the melt had 
reached 295 °C. The pressure reduction cycle was then 

30 initiated, to atmospheric pressure over a period of about 60 
minuted. 

molten polymer was then; subjected to a : vacuum of 80 kPa for 10 
minutes, the melt temperature increasing to 318 °C. 

The polymer thus obtained was discharged from the 
35 autoclave through a! multiple; hole die /. quenched, in coid water 
and pelletizedv • Howeyer; discharging of : the. polymer from the 
, autoclsive lasted : for ortly Va sho^t period, of the yield 
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o# r p^ll4tized /polymeir was, only 66.5%. 

The polymer; an inherent viscosity (IV) of 

.epeg^l . , The melting,, jpbint ; ,.6'f * * 3 02-.°.C 

ODSC) , : . Th^ pqlym^r showed visual evidence of high melt 
fraction j the amount detected using DSC was appr ox imat e ly 




id < 



15 



20 



25 



3d 



35 



An a^ebus. salt solut io^ acid, 
hexamethylene diamine and 2 -methyl pentamethy lene diamine 
(2540 kg, 50% salt with a 5 ; 4% molar excess of hexamethylene 
diamine and 7 i4% molar excess of 2 -methyl pentamethy iene 
diamine) * wais charged to an autoclave. The solution was heated 
in the autoclave, with venting of water at a constant pressure 
of 340kPa until the salt in the autoclave reached a 
temperature of 162 ° C . Venting was then interrupted . The 
temperature of the autoclave was increased, with gases, being 
vented at a pressure of 2.15 MPa; the autoclave was maintained 
at this pressure for approximately two hours \ until the 
temperature of the melt had reached 3 00 °e. A pressure 
reduction cycle was then initiated, to atmospheric pressure 
over a period of about ,40 minutes. During this stage/ the 
mfelt reached 323 The molten polymer was then subjected to 

a vacuujin of 80kPa for: 4 minutes; the Mlt teftperiture 
ihcreasirig to 325*0; 

The polymer thus obtained was discharged from the 
autoclave through a multiple hole die, quenched in cold water 
and pelletizecL The yield of pelletized polymer was 77% . 

The polymer obtained had an inherent viscosity (IV) of 
0.84 dli/g; as measured oh a 5.0g/L solution of polymer in m— 
cresbl* The polymer had a single melting point of 302 °C 
(DSC) . The polymer did not show any visual evidence of high 
melt fraction; the amount detected by DSC was approximately 
1-4% by weight. The amount of cyclic amine (3-rMP) was 86 
eq/MMg of polymer. 
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. CLAIMS, : , . . ' . \.- 

jL-.-; A process ; for . ti 

' cibirij^^ •*• • • 

(a) feeding to a reactbi: an afquebus salt solution of an 
5/ admixtiir^ of aromatic barboxylic acid^and aliphatic diamine, 

said aromatic . carboxy lie acid being selected from terephthalic 
acid and mixtures of tefephthalic acid and . isophthalic, acid 
and said aliphatic diamine being a mixture of hexamethylene 
diamine and 2 -methyl pehtataethyiene diamirie; , 
10 (b) hfeatirig the aqueoiis salt solution under a pressure of 

at least abotit 2.15 MPa; for a pieribd of at l^ast about 40 
. mihut es , ; and venting Water and other volatile fatter from the 
feactbi: ; ; 

(d) reducing the pressure in the reactor. to atmospheric 

15 pressure; 

(d) controlling stages (b) and (c) so as to avoid 
excessive f bamirig b£ the admixture in the, reactor ; and 

(e) discharging thei cbpblyamide so obtained from the 



20 



30 



reactor . 



2. The probes s of Claim 1 in which the pressure in 
is at least about 2.28 MPa. 

The prbcess of Claim 1 or Claim 2 iri which the time 



3; 



25 in stage (b) is at least 60 minutes. ; 

4. The process of Claim 3 in which the time in stage 
(b) is at least about 90 minutes. ■ 



' 5. A process for the preparation of multiple 
consecutive batches of a copolyamide of terephthalic acid and 
hexamethylene diamine in a reactor without clean-out of the 
reactor, in which the copolyamide obtained from such process 
contains more than about 2% by weight of a fraction with an 
35 annealed melting point of greater than 320-C, said process 

comprising the stages of: 

(a) feeding to a reactor an aqueous salt solution of ah 
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ac^ixtur^ of ar-oma^ and ^ aliphatic diamine, 
said aromatic carboxylic acid being selected from terephthalic 
acid and mixtures of terephthalic adid > and isbphthalic acid 
arid said aliphatic diamine being a mixture of hexamethylene 
5 diamine a^^ 

(b) heating the aqueous salt solution under pressure and 
, venting water and other volatile .matter from the reactor; 

(c) reducing the pressure in the reactor to atmospheric . 
pre^siiire; "\" 

10: r (<i> controlling stages (b) and (c) so as to avoid 
excessive foaming of the admixture in the reactor; and 

(e) discharging the copolyamlde so obtained from the 
reactor; •' 

the improvement comprising maintaining the pressure in stage 
15 (b) at at l^ast about 2. 15 M?a. 

6. The process of Claim 5 in which the pressure of at 
least about 2.15 MPa is maintained in stage (b) for a period 
of at least about 4 0 minutes* 

7. The process of Claim 6 in which the pressure is 
maintained in stage (b) for at least about 60 minutes. 

8. The, process of ariy one of Claims 1-7 in which stage 
25 (c) additionally, includes maintaining the admixture in the 

reactor under a vacuum. 

9. The process of any one of Claims 1-8 in which the 
stages of the. process are cbrit^ 

30 produced has. an inherent visdosity dj^'srt iek£t' : aibbufc 0.6 dL/g. 

1Q V The process of any one of Claims 1-8 in which the 
stages of the process aire controlled so that the copblyamide 
produced has ah inherent viscosity of at least about 0.8 dL/g. 

11/ The process of any one of Claiiiis. 1-10 in which the 
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